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* COMPLETE SPECIFICATION 

D-Bibofuranose Derivatives 

We, Merck & Co. Inc., a corporation duly organised and existing under the 
laws of the State of New Jersey, United States of America, of Rahway, New Jersey, 
United States of America, do hereby declare the invention for which we pray that a 
patent may be granted to us, and the method by which it is to be performed, to be 
particularly described in and by the following statement : — 

This invention concerns 3-alkyl ribofuranose compounds and esters thereof and 
methods for their preparation. Halo-substituted ribo-sugars and esters thereof in 
accordance with the present invention are useful as intermediates in the preparation 
of valuable substituted nucleosides. Some of these nucleosides are claimed in our 
copending application No. 49924/66 (Serial No. 1,163,103). 

The compounds in accordance with the present invention have the formula: — 
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where each R is a C,_, alkyl radical and may be the same as or different from any other 
radical denoted by R, X is a halogen atom or a hydroxy, Ci_ 4 alkoxy, alkanoyloxy, 
aroyloxy, alkoxyaroyloxy, haloaroyloxy or nkrobenzoyloxy, e.g. acetoxy, propionoxy 
or butyroxy, and each of R', R" and R"' is a hydrogen atom or an alkanoyl, aroyl, 
alkoxyaroyl, haloaroyl or nitrobenzoyl radical, provided that, in Formula I, when 
X is an alkanoyloxy, aroyloxy, alkoxyaroyloxy, haloaroyloxy or nitrobenzoyloxy radicaL 
R', R" and R'" are not hydrogen atoms. 

Typical of the R groups are methyl, ethyl and propyl radicals. Examples of X 
are chlorine and bromine atoms and hydroxy, acetoxy, propionoxy, and butyroxy 
radicals. Examples of R', R", and R'" are hydrogen atoms and acetyl, propionyl, 
butyroyl, benzoyl, toluyl, xyioyl, methoxybenzoyl, ethoxybenzoyl, chlorobenzoyl bromo- 
benzoyl and nitrobenzoyl radicals. 3 

In accordance with the present invention, the compounds of the invention are 
prepared by first treating a 5-0-R'-l,2-CKV- fl alkyfidene-D-eryfAro-3-pentulofuranose 
where R' is as defined above with a Grignard reagent of the formula RM^X' where 
R is as defined above and X' is a halogen atom, to produce a 5-0-R'-l,2~C _ 
alkylidene-3-R-a-D-ribofuranose. This compound may then be treated by either 3 of 
two methods. In the first method, the 5-0^-1,2-0-0^ alkylidene-3-R-^-D-ribo- 
[Price4s.6d.] 
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furanose intermediate is subjected to acidic alcoholysis using an alcohol of tonula 
ROH to produce a Q_ 4 alkyi 5-0-R'-3-R-I>-nbofuranoside which is acylated to 
produce aol^l 2A5-^-R.-3-R-D-ribofuranoside where R.is as defined above 
and each of R, is an alkanoyL aroyl, alkoxyaroyl, haloaroyl or mttobenzoyl radical 

5 This ribofuranoside may then be converted to the corresponding free sugar by basic o 
solvolysis followed by a further hydrolysis by strong acid in an aqueous medium or 
it raav be converted to a halo ester by a halogen replacement reaction man appropriate 
solvent irthTsecond method, the S-O-R'-U-O-al^Udene-S-R^D-nbofiiMnose 
intermediate is acylated under basic conditions to form the corresponding 3^-ai-u-K*- 

10 1 2- 0-C._ alkylidene-3-R-D-ribofuranose intermediate which is hydrolysed in a 
strong acid and further acylated in an appropriate solvent to give the compounds of 
the present invention in which X, R', R", and R'" are alkanoyl, aroyl, alkoxyaroyl, 
haloaroyl or nitrobenzoyl radicals. 

The methods of preparing the compounds of the present invention are shown in 

15 the following reaction scheme : 
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where R, R' s and X' are as defined above. Intermediate compounds Ilia, which are 
also novel compounds, may be further reacted in STEP B by either of two methods 
to obtain the compounds I. Compounds IVa, IVb and Va are also novel and form 
20 part of this invention. 
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STEP B ~ 
Method B» 
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where R, R 4j and R' are as defined above and X b is an alkanoyloxy, aroyloxy, alkoxy- 
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aroyloxy, haloaroyloxy or nitrobenzoyloxy radical. ^^w^nc* fc 

Preferably, the S-O-R'-M-O-Q-o aIkyhdene-D^7^-3-pentulofuranose is 
reacted with the Grignard reagent in essentially stoichiometric proportions at a tern- 
5 perature of from 5°C. to 80*C. for a period of from a few minutes to five = hours. 5 
The Grignard reagents used in this reaction are Q—Q alkyl magnesium hahdes. 
Examples of Grignard reagents are methyl magnesiumbromide, ethyl magnesium- 
bromide, methyl magnesium chloride, ethyl magnesiumchlonde, methyl magnesium- 
iodide, ethtyl magnesiumiodide, and propyl magnesiumbromide. 
10 Si one aspect of the invention, Method B ft is then followed and compounds la, . w 

in which X is hydroxy or halogen, are obtained. In this method, the 5-O-R -1,2-O-C^h, 
alkylidene-3-R-«-D-ribofuranose is subjected to an acidic alcoholysis preferably by 
reaction with a strong add such as hydrochloric acid, hydrobromic acid, ar sulfuric 
acid and a C a — Q alcohol at a temperature of from 5°C to 60°C for a period of 
15 from a few minutes to 5 hours to produce a Cx_ alkyl 5-0-R'-3.R.D-nT>ofuranoside 
which is acylated under basic conditions with an acylating agent such as an acyl haliae 
or an anhydride. Examples of acylating agents are benzoyl chloride^ benzoyl bromide, 
nitrobenzoyl chloride, acetic anhydride and propionic anhydride. This acylanon step 
is preferably carried out at a temperature of from 20°C to 100°C. for a period of 
20 from two to 72 hours. The ribofuranoside thus produced may then be converted to 
the corresponding free sugar by a basic solvolysis, preferably by treatment with a 
C . alcohol at a temperature of from 15°G to 60 D C. for a period of from a few 
minutes to a fex hcurs and a further hydrolysis with a strong acid such as hydrochloric 
acid hydrobromic acid or sulfuric acid in an aqueous medium. This acid hydrolysis 
25 step' is preferably carried out at a temperature of from 5°Q to 50°C for 2 hours 25 
to 24 hours. Alternatively, the ribofuranoside may be converted to the corresponding 
halo sugar by a halogen replacement reaction using the desired hydrogen hahde in an 
appropriate solvent such as acetic acid, methylene chloride, tetrachloroethane, or 
propionic acid. This replacement reaction preferably takes place at a temperature of 
from0°C. to 30°C. for a period of from a few minutes to a few days. 30 

In another aspect of the invention^ Method B* is followed and compounds lb, in 
which Xb is an acyl group, are obtained. In this method, the S-O-R'-l^-O-CV-g 
altolidene-3-R-a-D-ribofuranose is acylated under basic conditions preferably at a 
temperature of from 20°C. to 100°C for a period of from 2 to 72 hours to form a 
3 3 5-di-O-R r l 3 2-O-C3_ 0 alkylidene-3-R-o-D-ribofuranose. The acylating agent may be 35 
an acyl halide or an anhydride such as benzoyl chloride, benzoyl bromide, nitrobenzoyl 
chloride, acetic anhydride, or propionic anhydride. The basic conditions are preferably 
provided by a base such as pyridine, dimethylanrline, N-methylmorpholine or sodium 
acetate in an inert solvent such as benzene, dioxane, or tetrahydrofuran. The 3,5-di- 
0-R 4 -l,2-0-G>^, alkylidene-3-R-<*-D-ribofuranose is then hydrolysed in a strong acid 40 
such as hydrochloric acid, hydrobromic acid, or sulfuric acid and further acylated with 
an anhydride such as acetic anhydride, propionic anhydride, or butyric anhydride in 
the corresponding acid as a solvent to form the compounds lb of the present invention. 
This hydrolysis-acylation reaction is preferably carried out at a temperature of from 
5°C. to 50°C. for a period of from 2 hours to 20 hours. All the reactions are preferably 45 
carried out in essentially stoichiometric proportions. Representative of the compounds 
of the present invention are 2-0-ac«tyl-3,5-di-0-benzoyl-3-methyl-D--ribofuranosyl 
chloride, 2-0-acetyl-3 3 5-di-0-benzoyl-3-methyl-D-ribofuranosyl bromide, 2-0- 
acetyl-3,5-di-0-benzoyl-3-ethyl-D-nT)ofuranosyl chloride, 2-0-acetyl-3,5-di-0-benzoyl- 
5 a 3-ethyl-D-ribofuranosyl bromide, 2,3,5-tri-0-benzoyl-3-methyl-D-ribofunniosyl 50 
chloride, 2,3^-tri-0-benzoyl-3-methyl-D-ribofuronsyI bromide, 2,3 3 5-tri-0-benzoyl- 
3-ethyl-D-ribofuronsyl chloride, 2,3,5-tri-0-benzoyl-3-ethyl-D-ribofuranosyl bromide, 
2,3,5-tri-0-benzoyl-3-propyl-D<mofuranosyl chloride, 2,3,5-tri-0-benzoyl-3-propyl- 
D-ribofuranosyl bromide, 2,3-a^-0-acetyl-5-0-benzoyl-3-metbyl-D-rft)ofuranosyl 
chloride, 23-di-0-acetyl-5-0-benzoyl-3-me±yl-D-ribofuranosyl bromide, 2,3-di-O- 55 
acetyl-5-0-benzoyl-3-ethyl-D-ribofuranosyl chloride, 2 3 3-di-0-acetyl-5-0-benzoyl-3- 
ethyl-D-ribofuranosyl bromide, 3-methyi-D-ribofuranose 3-ethyl-D-ribofuranose, 
3-propyl-D-ribofuranose, l,2-di-0-acetyl-3,5-di-0-benzoyl-3-methyl-D-ribofuranose, 
l 5 2-oU-0-ac«tyl-3,5-di-0-beriZoyl-3-ethyl-D-ribofuranose, l,2-di-0-propionyl-3,5-di- 
O-benzoyl-3-methyl-D-ribofuranose, l^-di-0-propionyl-3,5-di-0-benzoyl-3-ethyl-D- 60 
ribofuranose, l>2-oM-0-butyiyl-3 3 5-di-0-benzoyl-3-memyl-D-ribofuranose, 1,2-di-O- 
butyryl-3,5-di-0-berizoyl-3-emyl-D-ribofuranose. 
The following Examples illustrate the invention. 
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Example 1 

Preparation of l,2-0-isopropyHdme-5-0-benzoyl-3-methyi- 
. o-D-ribofuranose 
A trngnard reagent, methyl magnesiumiodide, prepared from 690 mg. (28.4 

3T^L° f - ma |?T m . 3 ' 85 smas <- 27 S mmoles ) of iodide in 32 ml. of 5 

dry ether u added to a stirred solution of 1.0 gram (3.43 mmoles) of 12A4n. 
propyhd^-S-O-be^l^^fe^S-pentuJofu^ in 100 ml of Sv «£r^ 
> _. After about 3 hours the reaction mixture is poured into a mixture of 50 warns 
of ammonium chloride, 200 ml. of ice and water, and 200 ml. of ether Tie layers 

• ?_fT? 4 ^ e _? sol ? Qon * conc -"nKed to dryness and the residue (1.24 
£2," "Jff"* *S? ether - A total ° f 524 mg. of l^-0-isopropyhdh\e-5.0- 
benzoyl-3-methyl^r-D-ribofuranose, is obtained. 

Example 2. 

15 A solution of 1.0 gram (3.25 mmoles) of l,2-0-isopropylidine-5-0-benzoyl-3- 15 

methyl-a-.D-nbofuranose, obtained by the procedure of Example 1, in 25 ml. of 3% 
methanol* hydrogen chloride is kept at 25°C. for 75 minutes. The hydrogen chloride 
is neutralized by the portionwise addition of 2.5 grams (30 mmoles) of sodium 
bicarbonate. The mixture is filtered and the solid is washed with methanol The 
iiltrate plus washings are concentrated and the residue is leached with three 50-mL ?n 
portions of methylene chloride. The methylene chloride solution is treated with a 
small amount of decolorizing carbon, filtered and concentrated. The residue is 
chromatography on 20 grams of silica gel. Elution with ethyl acetate-chloroform 
(1-9) pes 290 mg. of crude methyl 5-0-bei_oyl-2 5 3-0-isopr<)pylidme-3-methvl-fi- 
l)-nbofuranoside. Further ehition with ethyl acetate-chloroform (1:9) gives about « 
4?n H ?L^ Cd * pr0dl if v ty ' eh J tion whh «M acetate-chloroform (1 : 1) gives 
420 mg. (46%) of methyl 5-0-benzoyl-3-methyl-D-ribafuranoside as an oil. 
trn**, 42 .°, m S-/ 1 _ 4 ? ?? ol f) of me*yl-5-0-benznyl-3-me_yl-D-ribofuranoside 
of 463 ma "«KSS 2 L 5 K mh of ^^dine and cooled in an ice bath. A solution 
HmnScfLi i- n ? m0l ^l bei ? oyl m 2 - 5 - 1 of dry chloroform is added , n 

dropwise wim stirnng The reaction mixture is kept at 25°C for 24 hours and 0.5 ml. 30 

JJ IJ add6d - P*? u 30 u™ 65 ±e mkture « P oure d onto 30 ml. of ice and 
water and extracted with three 30-ml. portions of chloroform. The chloroCm 
solution is washed with cold 5% hydrochloric acid until the washings areSc and 
Sf,rLT* * tUWttd . sodium chloride solution. The dried (MgSO,) chloroform « 
SSS_ ^uoS^oiSeJ 711 " 5 ^ ' re5idUC ° f m6thyI ^-0-benzV3-methyl- 35 

A solution of 230 mg. (0.595 mmole) of methyl 2^-di-0-benzyl-3-methyi-D- 
ribofuranoside m 3 ml of dry pyridine is treated with a solution of 90 me (0.64 
mmok) of benzoyl chloride in 1 ml of dry chloroform. The mixture is heated at 

r Sr V hw S C0 - Oled to 25 ° C > ™~ 0.5 ml of water and warmed 

to 40 C. The cooled mixture is added to ice and water and extracted with three 
50-ml. portions of chlorofoim. The chloroform is washed with 10% hydrochloric 

S m ^ S 6 * MhB ¥» are - acidic "d *** la % sodium bicarbonate. The dried 
(MgiOJ chloroform layer is concentrated and the residue (370 me*\ i* chromam. 

Example 3 

^£_ eparation of 1 ^°- to P^y Kd ^^-be_aoyl.3^yl^D-n^o__^o» 
50 Wh ^. a Grignard reagent prepared from ethyl bromide is reacted with 1,2-0- ca 

isopropyhdme-5-0-benzoyI-«-D-^^^ as described for the Grig- 

nard reagent prepared from methyl iodide in Example 1, l,2-0-isopropyHdine-5-0- 
ben2oyl-3-ethyl-«-D-ribofuranose is obtained. r K/ 

Example 4 

55 Preparation of methyl 2,3,5 -tri-0-ber_zoyl-3-ethyl-D-ribofuranoside cc 

When l>0-isopropylidine-5-0-benzoyl-3-ethyl^D-n^ofiiranose, obtained by 
the procedure of Example 3, is used in the process of Example 2 in place of 1 2-0- 
isopropylidine-5-0-benzoyl-3-me_hyl^D-rfl5ofuranose, methyl 2,3,5-tri-0-ber_zoyl-3- 
ethyl-D-ribofuranoside is obtained. 
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Example 5 

Preparation of U-BopropyUdin&-5-0-benzoyl-3-methyl-o>- 
D-ribofuranose 

A Grienard reagent, methyl magnesiumiodide, prepared from i 690 mg. (28.4 
5 mmoles) Sfi aid 3.85* gram! (27.5 mmoles) of methyl iodide m 32 mlof 
d^ ether is added to a stirred solution of 1.0 gram (3.42 mmoles) «M*£~ 
propylidme-5-0-beii2oyl-^D-ery^o-3-pentulofuranose m 100 ml. of ether at 
5°C After about 3 hours the reaction mixture is poured into a mixture of 50 grams 
of ammonium chloride, 200 ml. of ice and water, and 200 ml. of ether. IT* toyers 
10 are separated and the aqueous phase is extracted with two 150-ml P°raon5. of ether 
The dried (MgSOJ ether solution is concentrated to dryness and the residue 
grams) "crysralliKd from ether. 524 mg. of l,2-0-isopropyhdene-5-0-benzoyl-3- 
methyl-«-D-ribofuranose is obtained. 

Example 6 ■ 

15 A solution of 1.0 gram (3.25 mmols) of l>0-isopropyMme-5-0-4j^oyl-^D- 

ribofuranose, obtained the procedure of Example 5, in 25 mL of ethanohc hydrogen 
chloride is kept at 25°C for 75 minutes. The hydrogen chloride is neutralized with 
solid sodium bicarbonate. The mixture is filtered and the filtrate is concentrated and 
the residue is leached with methylene chloride. The methylene chloride solution is 

20 concentrated and the residual oil is chromatographed on shea geL Ehmon with ethyl 20 
acetate-chloroform gives ethyl 5-0-benzoyl-3-methyl-p-rftofciranoside as an oil 

A solution of 1.0 gram (3.4 mmoles) of ethyl 5-0-bcnzoyl-3-methyl-D-ribo- 
furanoside in 20 ml. of dry pyridine is cooled and treated with 1.0 gram i (10: mmol«) 
of acetic anhydride. After being kept 1 hour at 25°C. the mixture is heated at lOO'C. 

vt for 20 hours, cooled to 25°C., and treated with 1 ml. of water. The mixture is added 25 
to ice and water and the product is extracted with three 100-ml. portions of chloro- 
form. The chloroform solution is washed with 10% hydrochloric acid to remove 
excess pyridine and finally with dilute sodium bicarbonate solution until neutral -Tbe 
dried (MgSOJ chloroform solution is concentrated and a residue of ethyl 2,3-di-u- 

30 acetyl-5-O-benzoyl-D-ribofuranoside is obtained. 

Example 7 

Preparation of l,2-0-iscq>ropylidhie-5-0-benzoyl-3-methyl- 
a-D-ribofuranose 

A Grienard reagent, methyl magnesiumiodide prepared from 690 mg. _ (28.4 
35 mmoles) of magnesium Sad 3.85 grams (27.5 mmoles) of methyl Jjodide m 32 ml. 35 
of dry ether is added to a stirred solution of 1.0 gram (3.42 mmoles) ofl^-O-iso- 
propyMme-5-0-benzoyl-^D-^r^3-pentulofuranose in 100 mg. of dry ether at 
5°C. After about 3 hours the reaction mixture is poured I into a mixture of 50 grams 
of ammonium chloride, 200 ml. of ice and water, and 200 mL of ether. The layers 
40 are separated and the aqueous phase is extracted with two 150-ml. portions of etiier. w 
The dried (MgS0 4 ) ether solution is concentrated to dryness and the residue (1.24 
grams) is oysrallized from ether. A total of 524 mg. of l,2-0-isopropyhdine-5-0- 
benzoyl-3-methyl-o-D-ribofuranose is obtained. 

Example 8 

A solution of 1.0 gram (3.54 mmoles) of U-isopropyhdme-5-0-benzoyl-3- 45 
methyl-a-D-ribofuranose, obtained by the procedure of Example 7, m U ml of dry 
pyridine is cooled, stirred and treated with a solution of 750 mg. (5.3 ' *imol«) £ 
bLoyl chloride in 2 ml. of dry chloroform. The mixture is kept at 25°C. for 72 
hours 0 5 ml of water is added and the mixture is stirred for 1 hour and poured 
50 taTk ml. of fee aM water. About 25 ml of 10% hydrochloric acid « added and 
the mixture is extracted with chloroform which is, in tum washed wrth 10°/ o sodium 
bicarbonate and saturated sodium chloride. The dried chloroform layer is concen- 
trated and the residue when crystallized from 1 ml. of benzene and 25 mL of 
petroleum ether gives 700 mg. of l^O-isopropyhdme-^S-di-O-benzoyl-S-methyl-*- 

55 D-ribofuranose. 

Example 9 _ r 

Pr-oaration of U-0-isopropylidene-5-0-benzoyl-3-e±yl-^D-nbofuranose 
A Grienard reagit prepaid from 690 mg (28 mmoles) of magnesium and 
3 97 «ams f27 5 mmoles) of ethyl bromide in 45 ml of dry edier is added to a 
stSeffltionof 1.0 gram. (3. « mmoles) of ^soprepyhd^-^-O- b = yl~ 60 
D-cry/fe-o-3-pentulofuranose in 100 ml. of dry ether at 5°C. After 3 nours tne 
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Preparation of l,2Kli-0-acetyl-3 3 5-di-0-ben2oyl-3-methyl-ribofuranose 
55 To a mixture of 130 ml. of acetic acid and 14.4 ml. of acetic anhydride is added 

11.5 grams (28 mmoles) of 3 3 5"di-0-benzoyl-l y 2-0-isopropylidine-3»methyl-<i-D-ribo- 
furanose, as prepared in Example 8. During a 45-minute period 7.8 ml. of concen- 
trated sulfuric acid is added dropwise to the stirred mixture. An ice bath is used to 
.-maintain the temperature of the reaction mixture at 15— 20°C. during the addition 



20 



reaction is poured into a mixture of 50 grams of ammonium chloride, 200 ml of 
ice and water, and 200 ml. of ether. The layers are separated and the aqueous phase 
i? extracted with two 150-ml. portions of ether. The dried (MgSO,) ether solution is 
concentrated to a residue of l,2-0-isopropyhdene-5-0-benzoyl.3-emyl^D-nWuran- 

Example 10 

A solution of 1.05 grams (3.54 mmoles) of l,2-0-isopropylidme-5-0-terizoyl-3- 
emyl^D-nTjofuranose, obtained by the procedure of Example 9, in 12 ml. of dry 
pyridine is treated with 750 mg. (5.3 mmoles) of benzoyl chloride in 2 ml of dry 
chloroform. After being kept at 25°C. for 72 hours, 0.5 ml of water is added and 
the mixture is stirred for 1 hour and poured into 75 ml. of ice and water. About 10 
P « !0/ o Irydiocnlonc acid is added and the mixture is extracted with chloro- 
form which is, m turn, washed with 10% sodium bicarbonate. The dried chloroform 
layer is concentrated and the l 5 2-0-isopropyHdine-3,5-di-0-benzoyl-3-ethyl^D.ribo- 
iuranose is crystallized from benzene-petroleum ether. 

Example 11 15 
Preparation of 2,3,5-tri-0-benzoyl-3-methyl-D. ribofuranosyl bromide 
A solution of 2 grams (4.04 mmoles) of methyl 2 > 3,5-tri-0-benzoyl-3-methyl-D- 
nbofuranoside as prepared in Example 2, in 10 ml. of acetic acid is cooled fa an 
ice bath and 1 ml. of acetyl bromide is added followed by 10 mL of a 33!% solution 

t & g f n m aC ^ C acid * ^ ter 15 minutes at &-*°CL. the solution is kept 

I I mjni i t t s - Concentration of the solution gives a residual oil which is 
freed of last traces of hydrogen bromide by distilling 3 portions of dry toluene and 
2,3,5-tn-0-benzcyl-3-methyl-D-ribofuranosyl bromideis obtained. 

Example 12 

25 Preparation of 2,3-di-0-acetyl-5-O-benzoyl-3-methyl-D- 25 

ribofuranosyl bromide 
A solution of 1.52 grams (4.0 mmoles) of ethyl 2,3-di-0-acetyl-5-0-benzoyl-3- 
memyl-D-nbofuranoside, as prepared in Example 6 3 in 10 ml of acetic acid is cooled 
in an ice bath and 1 ml. of acetyl bromide is added followed by 10 ml. of a 33% 
w solution of hydrogen bromide in acetic acid. After being kept at 25°C. for 50 minutes, 30 
the solution is concentrated to a residue of 2,3-di-0-acetyl-5-0-benzoyl-3-methyl- 
P" r i? 0 ?^ anosyl bronnde - traces of hydrogen bromide and acetic acid are removed 
by mstilling 3 portions of dry toluene from the product 

Example 13 

35 Preparation of 2,3,5-tri-0-benzoyl-3-methyl-D-nTjofuranosyl chloride 35 

A solution of 2 grams (4.0 mmoles) of methyl 2,3,5-m-0-benzoyl-3-methyl-D- 
ribofuranoside, as prepared in Example 2, in 10 ml. of acetic acid is cooled in an 
ice bath and 1 ml. of acetyl chloride is added followed by 10 ml. of a 20% (w/w) 
solution of hydrogen chloride in acetic acid. After 48 hours at 25°C. the solution 

40 is concentrated. Three portions of dry toluene are distilled from the residue to remove 40 
last traces of acetic acid and hydrogen chloride and a residue of 2,3,5-tri-O-benzoyl- 
3-methyl-D-ribofuranosyl chloride is obtained. 

Example 14 
Preparation of 3-methyl-D-ribofuranose 
45 .A solution of 2.0 grams (4.0 mmoles) of methyl 2,3,5-tri-a-benzoyl-3-methyl- 45 

D-ribofuranoside, as prepared in Example 2, in 50 ml. of methanol is treated with 
5 ml. of 0.5 N barium methoxide in methanol. After being refluxed for 30 minutes, 
the solution is concentrated to about 10 mL and diluted with 50 ml. of water. After 
adding 5 ml. of 0.5 N sulfuric acid, the precipitated barium sulfate is filtered. The 
filtrate is acidified (pH2) with hydrochloric acid and kept at 60°C. for several hours. 50 
Concentration of the aqueous solution gives a residue "containing 3-methyl-D-ribo- 
furanose. 

Example 15 
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of the sulfuric acid. After being kept at room temperature 16 hours, ^ sctaim * 
poured into 630 ml. of ice water. The product is extracted with two ^^P«?. 0 ° s 
of chloroform which is in turn washed with ttaee 75-ml. portions of IN sodium 
bicarbonate. Concentration of the dried (MgSOJ chloroform solution gives a residue 
5 of l,2^i-0-ac€tyl-3,5-4i-0-benzoyl-3-methyl-D-ribofuranose. 

Example 16 

Preparation of l>di-0-propiQnyl-3,5-di-0-benzoyl-3-methyl- 
D-ribofurano'se 

To a mixture of 150 ml. of propionic acid and 17 ' nL of propionic anhydride 
10 is added 11.5 grams (28 mmoles) of 3^^-0-benzoyl4>0-isopropyhdme-3-methyl- 10 
o-D-ribofuranoside, as prepared in Example 8. During a 45-minute period 7.8 mL 
of concentrated sulfuric acid is added dropwise to the stirred mixture. An ice bath 
is used to maintain the temperature of the reaction mixture at 15— 20°C. during the 
addition of the sulfuric acid. After being kept at room temperature 16 hours, the 
15 solution is poured into 630 ml. of ice water. The product is extracted with two 
120-ml portions of chloroform which is, in turn, washed with three 75-ml. portions 
of 1 N sodium bicarbonate. Concentration of the dried (MgSO„) chloroform solution 
gives a residue of l^-di-0-propionyl-3,5-di-0-benzoyl-3-methyl-D-nbofuranose. 

Example 17 on 
20 Preparation of l,2-di-0-butyryl-3^-di-0-benzoyl-3-methyl- » 

D-ribofuranose . 
To a mixture of 160 ml. of butyric acid and 196 ml. of butyric anhydride is 
added 11.5 grams (28 mmoles) of 3,5Mii-0-benzoyl-l>0-isopropyhdine-3-methyl-«- 
D-ribofuranoside, as prepared in Example 8. During a 45-minute period 7.8 ml. of 
concentrated sulfuric acid is added dropwise to the stirred mixture. An ice bath is 
used to maintain the temperature cf the reaction mixture at 15— 20°C. during the 
addition of the sulfuric acid. After being kept at room temperature 16 j hours, the 
solution is poured into 630 ml. of ice water. The product is extracted with two 
120-mL portions of chloroform which is, in turn, washed with three 75-ml. portions 
of 1 N sodium bicarbonate. Concentration of the dried (MgSO,) chloroform solution 
gives a residue of l,2-di-0-butyryl-3^-di-0-ben2oyl-3-methyl-D-nbofuranose. 

Example 18 

Preparation of 2,3>tri-0-benzoyl-3-emyl-D-nbofuranosyl bromide 
A solution of 2.0 grams (4.0 mmoles) of methyl 2,3^-tn-0-benzoyl-3-metiiyl- 
35 D-ribofuranoside, as prepared In Example 2 in 10 ml of acetic acid is coded I in 
an ice bath and 1 ml. of acetyl bromide is added followed by 10 ml. of a 33% solution 
of hydrogen bromide in acetic acid. After 15 minutes, at 0-5°C the solution « 
kept at 25°C for 35 minutes. Concentration of the solution gives a residual oil which 
is Ireed of last traces of hydrogen bromide and acetic acid by distilling 3 portions of 
40 toluene and 2,3^-tri-0-benzoyl-3-ethyl-D-ribofuranosyl bromide is obtained. *» 

Example 19 

Preparation of 3-ethyl-D-ribofuranose L , _ 

A solution of 2.05 grams (4.0 mmoles) of methyl 2,3,5-tri-0-benpyl-3-eifayl-D- 
ribotaanS £ prepared in Example 4 t in 50 mL of methanol is treated with 
4-5 fml of 0 5 N barium methoxide in methanol. After being refluxed for 30 mmtrtes, 
45 L solutio^ is con^ntrated to about 10 mL and diluted with 50 mL of vmer After 
nMi™ S ml of 0 5 N sulfuric acid, the precipitated barium sulfate is filtered. I he 
fiSatf I SdffiJ l (pK 2) S hydrochloric ack and kept at 60°C. for severer hou*. 
Conraiu-ition of tihe aqueous solution gives a residue containing 3-etbyl-D-ribo- 

50 furanose. ^_ „ 

Example 20 

Preparation of l,2-di-0-acetyl-3,5-di-0-benzoy^ 
To a mixture of 13.0 ml. of acetic acid and 14.4 ml. ofaceuc anhydride is 
added 11 S^amT (28 mmoles) of l^O-isoprepyUdm^^beiaoyl-S^yl-*- 
« D^ibofurano* as prepared in Example 10. During a 45-mmute period 7.8 mL of 55 
55 con"SSS ^lfurk acid is added dropwise to the .stirred ^.An ntat mj 
used to maintain the temperature of the reaction mixture at 15-20°C duung die 
addition of the sulfuric add. After being kept at room temperature for 16 hours, the 
Son £ poured into 630 mL of ice water. The product B extracted with two 
60 20-mL portions of chloroform which is, in turn, washed with three 75-ml. portions 60 
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of 1 N sodium bicarbonate. Concentration of the dried (MgSOJ chloroform solution 
gives a residue of l,2Kii-a-acxtyl-3,5-di-0-benzoyl-3^thyl-D-n^ofuranc)se. 

The following two examples, 21 and 22, are illustrative of the value of the 
compounds of the present invention as starting materials for the preparation of 
5 important nucleosides. The nucleoside products are claimed in our copending applica- 5 
tion No. 49924/66 (Serial No. 1,163,103). It is evident that other nucleoside com- 
positions may be prepared by selecting other compounds of this invention as startine 
materials. 

Example 21 

10 Preparation of 9-(3-metJbyl-D-riT)ofuranosyl>-6-chloropurine 10 

About 100 ml. of xylene is distilled from a suspension of 6.55 grams (16.8 
mmoles) of chloromercuri-6-chloropurine in 460 ml. of xylene in order to remove 
the last traces of water. A solution of 8.25 grams (16.8 mmoles) of 2,3,5-tri-O- 
ben2oyl-3-methyl-D-ribofuranosyl bromide in 40 mL of dry xylene is added to the 

15 stirred suspension at 25°C. The mixture is remixed for 2 hours. The hot mixture 15 
is filtered to remove insoluble material. The filtrate is concentrated to 150 ml. and 
diluted with 300 ml. of petroleum ether. The mixture is kept at 5°C. for one hour 
and filtered. The solid is washed with three 20-ml. portions of petroleum ether and 
dried. The crude product is dissolved in 300 mi of hot chloroform and washed with 

20 two 80-ml. portions of 30% potassium iodide solution and two 80-mL portions of 20 
water. The dried (MgSOJ chloroform layer is concentrated, and 9-(2 5 3>5-tri-0- 
benzoyl-3-methyl-D-ribofuranosyl)-6^oropurine is obtained. The product is purified 
by chromatography on a short alumina column in chloroform. 

A solution of 479 mg. (1.0 mmole) of 9-(2,3 5 5-tri-0-benzoyl-3-methyl-D-.ribo^ 

25 furanosyl)-6-chloropurine, in 20 ml. of cold methanol containing 2 grams of anhydrous 25 
ammonia is kept at 5°C. for 20 hours. The solution is concentrated at reduced 
pressure and at a temperature of less than 20°C. The residue is recrystallized from 
methanol to give 9<3-methyl-D-ribofuranosyl)-6<hloropurine. 

Example 22 

30 Preparation of 3'-methyladenosine 30 

A boiling mixture of 605 mg. (2 mmoles) of 9-(3-methyi-D-ribofuranosyl)-6- 
chloropurine, in 30 ml. of anhydrous methanol is treated wtih a solution prepared 
by saturating 20 ml. of O.l N sodium methoxide in methanol with methyl mercaptan. 
After being refluxed for about 30 minutes the solution is cooled and concentrated 

35 to dryness. The residue is dissolved in hot water and on cooling, 9-(3 -methyl-D-ribo- 35 
furanosyl)-6-methylthiopurine separates. 

A mixture of 1.26 grams (1.8 mmoles) of ^^^-tri-O-benzoyl^-methyl-iJ^D- 
ribofuranosyl)-6-benzamidopurine and 13 ml. of dry methanol is treated with a 
solution of sodium methoxide prepared from 70 mg. (3 mmoles) of sodium and 3 mL 

40 of methanol. After the mixture is refluxed for 2 hours, it is concentrated and the 40 
residue is dissolved in 50 mL of water. The pH is adjusted from 11.5 to 5.2 with a 
few drops of acetic acid. The solution is extracted with five 20-ml. portions of chloro- 
form and the water layer is filtered and concentrated to dryness. The residue is 
dissolved in methanol and 430 mg. of impure amorphous product is precipitated with 

45 ether. The filtrate is concentrated to dryness and the residue is crystallized from a 45 
water solution. Recrystallization from 0.7 ml. of water gives 126 mg. of 3'-methyi- 
adenosine. 
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where R is a alkyl radical, X is a halogen atom or a hydroxy, Q-j attoxy, 
alkanoyloxy, aroyloxy, alkoxyaroyloxy, haloaroyloxy or nitrobenzoyloxy radical ana 
each of R' R" and R'" is a hydrogen atom, or an alkanoyl, aroyl, alkoxyaroyl, 
haloaroyi or nitrobenzoyl radical provided that, in Formula I, when X is an aBcanoyl- 
5 oxy, aroyloxy, alkoxyaroyloxy, haloaroyloxy or nitrobenzoyloxy radical R , R ana 
R'" are not hydrogen atoms. . . , „ . t , ^ i 

2. A compound as claimed in claim 1, in which R is a methyl radical. 

3. A compound as claimed in claim 1, in which R is an ethyl radical. 

4. l^-0-IsopropyHdine-5-0-ben2oyl-3-methyl-^D-ribofuranose. 
10 5. 2,3,5-Tri-0-benzoyl-3-methyl-D-ribofuranosyl bromide. 

6. l,2-Di-0-acetyl-3,5-di-0-benzoyl-3-ethyl-D-ribofuranose. 

7. The process that comprises treating a compound of the formula : 




10 



15 



20 



25 



where R and R' are as denned in claim 1, with a Grignard reagent of the formula 
RMgX', where R is as defined in claim 1 and X' is a halogen atom to produce a 
compound of the formula : 



15 




Ilia 

where R and R' are as defined in claim 1. 

8. A process as claimed in claim 7, carried out at a temperature of from 5 o 
to 80°C for a period of from a few minutes to five hours. m 

9. A process as claimed in claim 7 or 8, in which the Grignard reagent is methyl 
magnesiumbromide, ethyl magnesiumbromide, methyl magnesiumchlonde, ethyl 
magnesiumchloride, methyl magnesiumiodide, ethyl magnesiumiodide or propylmagne- 

siiun brom^e. ^ compr i ses treating 5-0-benzoyl-l,2-0-isopropyiidine-D- 

ery^-3-pentulofuranose with methyl magnesium iodide at 5°C for 3 hours to form 
l,2-0-isopropylid1ne-5-0-benzoyl-3-methyi-a-D-ribofuranose. 

11. The process that comprises subjecting a compound of formula : 



20 



25 



30 




Ilia 

where R and R' are as denned in claim 1 to acidic alcoholysis to produce a compound 
of general formula: 



30 




where R and R' are as defined in claim 1. 
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^o^r' A P™ 0 ^ as c^ed in claim 11, carried out at a temperature of 5°C to 
60°C for a period of from a few minutes to five hours. 

13. A process as claimed in Claim 11 or 12, including the step of preparing 
the starting material by a process as claimed in claim 7, 8 ox 9. 

u 1 ?' T? e P rocess to* 1 comprises treating l,2-0-isopropyk*dene-5-0-benzoyl-3- 5 
metnyl^D-ribofuranose with methanol* hydrogen chloride at 25°C for 75 minutes 
to produce methyl 5-0-ben2oyl-3-methyl-D-ribofuranoside. 

15. A process as claimed in claim 14, including the step of preparing the starting 
rnaterialbyaprcK^sasdaimedindaimlO. ~ 

16. The process that comprises subjecting a compound of formula : 10 




where R and R' are as defined in claim 1 to basic acylation to produce a compound 
of general formula: 



5-T 



15 



20 



25 



30 



where R is a Q_ 4 alkyl radical and each R 4 is an alkanoyL aroyl, alkoxyaroyL halo- 
aroyl or nitrobenzoyi radical. 

17. A process as claimed in claim 16, carried out at a temperature of 20°C to 
100°C for a period of from 2 to 72 hours. 

18. A process as claimed in claim 16 or 17, using benzoyl chloride, benzoyl 
bromide, nitrobenzoyi chloride, acetic anhydride or propionic anhydride as an acylating 

19. A process as claimed in claim 16, 17 or 18, including the step of preparing 
the starting material by a process as claimed in claim 11, 12 or 13. 

20. The process that comprises acylating methyl 5-0-benzoyl-3-raethyl-D-ribo-» 
furanoside with benzoyl chloride in the presence of pyridine at 100°C for 16 hours 
to give methyl 2,3^-tri-0-berizoyl-3-methyl-D-ribofuranoside. 

21. A process as claimed in claim 20, including the step of preparing the starting 
material by a process as claimed in claim 14 or 15. 6 

22. The process that comprises subjecting a compound of formula : 




where R is a alkyl radical and each R* is an alkanoyL aroyl, alkoxyaroyL halo- 
aroyl or nitrobenzoyi radical to basic solvolysis, followed by acid hydrotarfs to 
produce a compound of general formula: 




15 



20 



25 



30 



35 in which R, R', R" and R'" are as defined in claim 1. 

23. A process as claimed in claim 22, in which the basic solvolysis is carried 
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out using a C M alcohol at a temperature of 15°C to and *^J«5*S 
carried out wi* hydrochloric, hydrobromic or sulfunc aad at a temperature of 5 C 
to 50°C for from 2 to 24 hours. . r*^,!-. 

24. The process that comprises subjecting a compound of formula . 




where R is a C_, alkyl radical and each R4 is an alkanoyl, aroyl, alkoxyaroyl, halo- 
arc^of nkrobenzSyl radical to a halogen replacement reaction to produce a compound 
of general formula: 




10 



15 



20 



in which R, R', R" and R'" are as defined in claim 1 and X* is a halogen .atom. 

25 A process as claimed in claim 24, carried out at a temperature of 0°C to 
30°C using a hydrogen halide HX* in a solvent. htm9m A 3-methvl- 

26. TTie process that comprises reacting methyl VJ^^^f^^^^ 
D-ribofuranoside with hydrogen bromide in acetic add at 0°C to 5°C for 15 minutes 
and then at 25°C for 35 minutes to produce 2,3,5-tn-0-benzoyl-3-methyl-D-ribo- 
furanosyi bromide.^ ^ fa ^ ^ rf ^ indutog the step of 

preparing the starting material by a process as daimed in any one of claims 16-21. 

28. The process that comprises subjecting a compound of formula : 
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where R and R' are as defined in claim 1 to acylation under basic conditions to produce 
a compound of general formula : 




in which R and R 4 are as defined in claim 16. 

29 A process as daimed in claim 28, using benzoyl chloride, benzoyl bromide, 
nitrobenzoyl chloride, acetic anhydride or propionic anhydride as an acylating agent 
and pyridine, dimethylaniline, N-methylmorpholine or sodium acetate in an inert 
solvent to provide the basic conditions. . 

30. A process as claimed in daim 28 or 29, indudmg the step of preparing the 
starting material by a process as daimed in claim 7, 8 or 9. 

31. The process that comprises subjecting a compound of formula : 
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in whidi R and are as defined in claim 16 to hydrolysis with a strong acid, 
followed by acylation under acidic conditions, to produce a compound of general 



in which R« is as defined in claim 16. 

32. A process as claimed in claim 31, in which the hydrolysis and acylation are 
carried out at 5°C to 50°C for from two to 24 hours. 

33. A process as claimed in claim 31 or 32, including the step of preparing 
the starting material by a process as claimed in any one of claims 28 — 30. 

34. A process substantially as hereinbefore described in any one of Examples 
1 — 20 that results in the production of a compound as claimed in claim 1. 

35. A compound as claimed in claim 1, when prepared by a process as claimed 
in any one of claims 7 — 34 or its obvious chemical equivalent. 
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